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No injury to the head is so slight

as

to be despised,

nor so great as to be despaired of."
--Charles B. Nancrede
International Encyclopedia
of surgery

IN""RODUCTION

lQTI)

HISTOJ.Y

ne subject or head injury has lone interested
phys1c1ans .

Cran1a.L surgery be5an probably u1th

the treatme:i:1t of' wounds .

':.t

a~1y rat..e the Edwin

Smith papyrus ( ear.Liest Known surs1ca1 treat i se ,
dating fro8 3000 - 2500 3 . C. ) descri bes various
types ot· i njuries to the heac. and their treat ment .

.

They have contL'1Ued to furnish an i:nnort
...

ant subject o:t" medical dis ·ussion ti:rou:::;t1out
recorded t1istory .

We can suppose tnat they were

of interest.. in prehi stori c

ti □ es

as well , since

men .nust have discovered very ear.Ly tha.t a n efrect 1ve way to :put an ene::1y out of a ction was to
strl}r:e hir:1 e. neavy

O.LO\•r

on the head .

Jut

· a r cheolo s ists nave disclosed also that in pr e historic tines operations were J_Jerformed on the
craniu□

wounds .

for other re as ons than tne treatment of
From survivals of this practi ce i n r emote

reg ions , such e.s t..he Atlas IIountains or Moro c co ,
it is believed that these prehistoric trephin1n~s
were made as a tre£J.tment or epilepsy , a.ouotless
on tne theory tna t the subject was possessed and
th~t t..he demon must oe 61ven an openinE throu3h
1·1hich to escape .
noted ~re.ve

Hippocrates ( born 460 3 . C . )

sy;11~J tO 'lS

,..,,:1c1. cont ral :1teral convulsions

~.
ro.L.1.owi n,::: inJur~r to the head (53 ) .
0ince very 11 ~ tle w2.s knoi·m about the functions
of the intracranial or0 ans, ee.r 1y discuss 1ons '.rnre
concerned main.1y with the various types 01· fracture
of the s.kUlJ. and the mechanism or t1:·_e1r production.
UntiJ. very recent.Ly any tre2tise 0:1 injuries ot the
head \·1ou1d be fi.lled with iliustb?.tions of fracture
lines c>nd discussions of vrhy the fractures ran in just
those directions .

"The symptoms just mentioned do

indeect vel',y f ~equent .1y acco:n;iany a Dro,rnn sKUlJ., but
tney are not produced ~y ~ne b re ach made in the bone ;
nor do they indic'l.te such breach to have been made .
... hey proceed fro:n an affection of the brain , or from
injury done

so □ e

parts within the cranium, independent

of r:.ny il1. which the bones co:nposinc it may have sustained. 11

'I1he words of Perc 1vo,l Pott quoted above

Here ·.rrit.':.e''l in 1·r6O, out they ni 0 ht '\-.reJ.l be hunc on
the Halls or every moder:1 hosp ital (42).
The increase ln Rnowled~e of Jc.he functions of
the bro,in ,,rh1c n 1rs.s ini tie.ted by tne investi5at ions
or Broc a , and or ~ritsch ~nd Hitzi5 , resulted
ultimately

111

the .Localization o:f a o r ai:1 tumor by

inference from the symptoms alone .

Since th~t date

cranial sur;,,:,ery has -r,endect more and ',n ore to concern
itself 'lith tu:iors of t:1e brain , exceJt for the st1ort

3.
period of the World War .

Thie interest reached its

peak in the dominating personality of Harvey Cushing.
Meanwhile an increasingly important factor was renewing
interest in wounds of the head.

As

the automobile

furnished faster and faster transportation which
exceeded the ability of the human reaction time to
avoid disaster, head injuries came into mass production.
Clear and concise summaries of the status of
medical opinion concerning head injuries will be
needed, especially during wartime.

Many matters

will remain under discussion for a long time, not
only in the courtroom but more so at the bedside and
in the operating room.

4•
.-II. CLASSIF ICATION

A.

PHYS I OLOGY AND MECHANICS OF HEAD INJURIES

The anatomical structure and elastic properties
of the skull greatly influence the type of injury
resulting from the application of a force to any
I

part of the skull.

The lesions produced are also

dependent on whether or not the head is stationary or
in motion; in the latter case the velocity plays a
major role.
The energy of a blow by a blunt object traveling
at a relatively slow speed and striking the stationary
skull, most often produces the maximum damage to the
bone and intracranial structures directly at the site
of impact.

The energy expended at the site of impact

depends on the weight of the object and the square of
its velocity.

Often the force is only great enough to

deform the shape of the skull momentarily, the elastic
properties of the skull resulting in a restoration of
contour without any dissolution in continuity.

The

dura-mater is practical~y never damaged in this type of
inj ury because of its fibrous and elastic character.
The underlying brain, however, is almost always contused.
With forces of greater magnitude the deformation of the
skull is greater.

The inner table, as a rule, fractures

first and more extensively since it is leas elastic than

the outer table, and because of the curvature of the
· c a lvariurn.
With greater force, both outer and inner tables
may be fractured.

If the object producing the trauma

has a comparatively small surface, the energy will be
expended over a relatively small area, and, if great
enough, is more likely to produce a depression of the
skull.

In addition, the underlying brain may be contused.

The dura-mater may or may not be tojn, depending on the
degree of the depression.
The cortex underlying the fracture or depression
will usually be covered by subpial hemorrhage, and
in its substance one often finds a focal hemorrhage
surrounded by small petechial hemorrhages.
While most of the energy of a blow to the stationary
head is expended at the site of impact, the elasticity
of the skull results in the conversion of some of the
energy into an indirect disruptive force.

This is brought

about by a shorteni ng of the diameter of the skUll
parallel to the axis of the applied violence, and a
lengthening of the diameter at right angles to this
axis.

Indirect disruptive forces produce widespread

petechial hemorrhages.
Injuries sustained with the head in motion, as in
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traffic accidents and fal ls, depend on the fundamental
laws of motion.

When a head in forward motion is

suddenly arrested by a massive stationary object, the
greatest brain damage occurs at a point directly opposite
the point of impact.

This is the s9-called contrecoup

injury and its mechanism is as follows:

The brain

has many of the physical properties of fluids (which
are inelastic).

A localized increase in pressure will

be transmitted as a wave at an enormous velocity in
all directions.

Part of the momentum of a moving

head a r rested by a massive stationary object is converted into such a localized pressure increase.

When the

resuiting wave reaches the opposite side, the s.ltUll at
that point is stiil moving forward.

Thus the pressure

is stili increased locally in a region opposite the site
of impact, and the maximum brain damag e is produced at
that point.
In addition t o the ela stic properties of the
s kuli and the construction of the cai varium, certain
fund amental factors in the structure of the base
deter~ine t he extent and direction of fractures foilowing head injuries.

Of paramount importance are the

six arches in the s~ructure of the base of the sz:ull.
The fronta l arcn originati ng at the root of the nose

..1-:..
and glabe.L.i.a ext,ends upward, thinning out into the
calvarium.

The posterior arch ls forned by the internal

and external occipital protuberances and the eminence
of the torcula.

An arch on both sides 1s formed by the

external angular process of the frontal bone and extends
obliquely backward into the body of the sphenoid.

There

ls also an arch on each side formed by the petrous bone,
and continued externally into the protuberance of the
mastoid.

These curved thickenings, like buttresses,

strengthen certain parts of the skull so that when
a force is applied to the cranium the bones between
the arches are the ones more likely to fracture.

In

addition, the areas of the base between the buttresses
are weakened by numerous foramina for the passage of
cranial nerves and blood v e ssels, thus adding to the
susceptibility of these parts to fracture.
Denny-Brown and Russell (16) devised a series of
experiments with a pendulum striking the free head
which developed symptoms of:
1.

Shock with a blow of 23-24 feet per second.
The pulse rate slows for a time, then increases,
the blood pressure falls, respirations become
quick and shallow, the knee and corneal
reflexes are active, and the animal is incapacitated.

...

8.

2.

Concussion with a velocity of 25-28 feet
per second.

The corneal reflex is abolished-,

tonus is lost, and unconsciousness ensues.
The microscopic changes of concussion are
still obscure, but no doubt they involve some
basic intracellular disorganization of the
neuron.

The nervous effect of a blow is

thus considered to be due to the physical
acceleration directly transmitted to each and
every center. (17)

3.

Contusion with brows greater than 28 feet
per second.

Semorrhage usually develops

beneath the site of the blow, and petechial
hemorrhaeJ:S are prone to develop especially
in basal nuclei, brain stem, and medulla.
Blast waves travel slowly (19) in material of
high density and small elasticity; where density is
small and elasticity is great, as in air, the wave travels
at great speed.

The high pressures created by bomb

explosions cause an enormous velocity of wave transmission in air, but the rate of movement diminishes
rapidly as the wave proceeds and there is marked
change in the shape of the wave as it progresses.
The pressure in some waves rises immediately to its
peak and then falls off gradually and is followed by
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a phase of less than atmospheric pressure, that is,
the negative phase.

Pressure values of 5-10 lbs. per

square inch will break most windows, but blast pressures
must rise to six atmospheri or 100 lbs. per square
inch, before endangering a human being.

This means that,

to be injured by primary blast, a human being must be
very near the site of explosion.

Zuckerman~(61, 62)

data on animals suggests that, at a distance of 30 feet
fro m a 50 kilo bomb, a human being would be entirely
safe from the direct effects of blast; published data
concerning individual bombing episodes in which blast
injuries have occurred in man support this deduction.
Krohn {26) is of the opi?ion that lung damage is
due to physical impact of the blast wave against the
thoracic wall rather t han to sudden distension of the
lungs by the positive component of the blast wave, or
to a suction affect of the negative component.
The central nervous system changes are likewise thought
to be due to the sudden impact.

There are obviously

two factors to be considered in the blast wave:

the

primary increase in atmospheric pressure to 100 lbs. or
more per square inch, and the rate of movement of the
blast wave itself.
The histologi~ findings in man, so far as they

-10.
have been described, are simi l ar to t hose in
Zucke rman's monkeys (26) subjected t o blast waves
of 100 lbs. per square inch, namely, pulmonary
hemorrhages, contusions, and lacerations of other
thoracic and abdominal viscera, minor changes in the
central nervous system, and occasional areas of subpi a l hemorrhage.

Evidently, as in animals, profound

concussion can occur with little in the way of histologic effect.

Whether acute cerebral fat embolism

exists in such cases has not been det ermined.
Animals exposed to high blast pressures are not
concussed.

Electrocorticogram records as a rule

either show no change or changes which can be related
to cortical anoxemia resulting fro m gener a l circulatory
changes.
Clinical evidence of these physiological observations are born out--for example, in Cloward's report
(8) on the bombing of Hawaii on December 7, 1941.
Few of the patients entering with penetrating wounds of
the brain were brought to the receivi ng station in the
unconsc i ous state.

Most were in a state of mild s hock

with lowered blood pressure and pulse rat es 90-110.
The majority of them had not even been unconscious,
but were able to recall everything t hat had transpired
from t h e time they were hit unti l they arrived at the
hospital.

11.

Patients whose lesions had been produced by a large
object striking the head, or vice versa, carrying
away large sections of brain and skull or producing
extensive depressions, were obviously deeply
unconscious.

They showed slow, irregular respirations,

weak, rapid, thready pulse, and elevated blood pressure.
All patients admitted in this condition died within a
few minutes to twelve hours after admission.
Physiologic conditions which have been said to
contribute or cause the loss of consciousness in head
injuries are loss of blood, damage to brain substance,
and cerebral anemia.

All three of these conditions

were present in the majority of these patients.

The

probable reason that these patients did not lose
consciousness from their injury was the fact that force
applied to the head was concentrated in such a small
area compared to the entire area of the skull that
genera1·1zed acceleration of the brain was not produced.
The threshold of acceleration necessary to produce
unconsciousness, as shown by Denny-Brown and Russell
to be the change of speed of the head from Oto 23
feet per second, was probably not reached.

12.

B.

PATHO!.,OGY

Injuries of the head may damage the brain by
a) direct and instantaneous destruction of nerve
cells, b) compressi on, or c) infection.

Lesiona

pres ent in the brain immediately f'ollowing head
trauma are the result of the appl ied violence plus
the reaction of the brain and its vascular system.
Somethi ng must be said of the pathology of concussion.

Experi mental evidence has shown that con-

cussion is not associated with any cerebral .Lesion
recognizable by the naked eye, or by the microscope
with any staining process at present available. (17)
It is not due to any effect on cerebral blood vess els,
although changes in circulation accompany its later
stages.

It has a characteristic effect' on the

cerebral electrical record, and is a phenomenon
common to a ny nervous center subjected to sufficiently
sudden phys i ca.1 stress.

Concussion 1s associated with

dimi nution or cessation of the electrica.1 activity of
the whole cerebral hemis pheres, as recorded in the
electro-encAphalogram. (18)
of nervous function.

It is a tra~sient pa ral ysis

In head injury, it is generalized,

and is produced by sufficiently sudden acceleration or

.

deceleration of the head.

It is t hus often absent in

crushing injuries, even though they cause multiple
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fractures and oth er damage, for the head may not be
subjected to change in velocity.
It is common knowledge t hat extradural hemorrhage,
subd.urai hemorrhage or cerebral contusion can be produced
by an injury that does not concuss the patient.
effects are due to local tears or distortions.

These
Concussion

is the outcome of general commotion of the brain due to
the result of mechanical violence to cerebral cells.
It is not dependent upon secondary cnanges such as
edema, anoxia, or hypoglycemia for its initiation.
However deGutierrez-Mahoney (13) has shown microscopic
changes in the arch itecture of the individual ganglion
cells in the form of disorganizat i on of the myelin
s heaths in the cerebral white matt.er and axis-cylinders.
The term "concuss ion" should indicate an essentially
transient state due to head injury wh ich is of instantaneous onset, manifests widespread symptoms of a purely
paraiyt1c kind, does not as ~uch comprise any evidence
of structural cerebral injury, and is always foi i owed
by amnesia for the actua~ moment of the accident.
Few persons die of concussion.
The common types of severe head injury show
various combinations of a series of separate clinical
entities, including med.u llary contusi on, sub-arachnoid
hemorrhage, general cerebral concus sion, cerebral

14 .

contusion, laceration, int racerebral and extrace r ebral
hemorrhage, subdural collections of blood or fluid,
skull fracture and, sometimes, fat embolism.

Each

or all may be fol l owed by the syndrome in question.

.

Frequent ~y cerebral edema is found in persons
dying several hours to two or ·three days after a
severe head i n jury .

Many blood vessels rupture fol l ow-

ing trauma, and others are occluded by thrombi, thus
large area s of brain tissue suffer fro m anoxemia.
Tissues deprived of oxygen take up fluid and swell.
The brain becomes edematous and venous channels are
compressed with a subsequent elevation of venous
pressure.

This impedes passag e of cerebrospinal

fluid from the subarachnoid spaces into the venous
system.

In addition, blood in the subarachnoid spaces

mechanically retards absorption.

Both of these factors

result in an increased amount of free fluid in the
cerebral sulci and ventricles •
Contusion of the brain occurs to a g reater or
less degree in most head injuries, except in the mildest
ones.

With direct blows to the stationary head,

contusion is the most marked at the site of impact.
With the head in motion the contusion is more widespread , but the greatest contusion is found on the
under . surfaces of the frontal lobes and at the tips
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of the temporal lobes.

Contusions of the brain vary ,

in severity from those which are superficial, and over
which the meninges remain intact, to those in which
the brain is almost pulpified and the meninges extensively
lacerated.
•

Laceration of the brain occurs at the same sites
as contusion, and ls 'produced when the force exceeds
the limits of cohesion.

There is a marked mesenchymal

proliferation and in healing fibroblastic elements
take part.

Bullet laceration produces a track filled

with necrotic and hemorrhagic brain tissue , surrounded
by marked edema and hemorrhagic infiltration.
Intracranial hemorrhage accompanies a large
proportion of all moderately seva:.e and severe head
injuries, as attested by the frequency with which blood
is found in the spinal fluid.

Subpial and subarachnoid

bleeding is part of the pathological picture in all
cases of cerebral contusion and laceration.

Petechial

hemorrhages and larger focal intracerebral hemorrhages
also occur frequently.
Traumatic subpial and subarachnoid hemorrhage is
produced by the tearing of the thin-walled and elastic
cortical veins.

Their location in shallow grooves on

the surface of the brain makes them particularly
vulnerable to injury.

They are often torn without
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laceration of the brain i~self.

When the pia-mater

tears subpial blood escapes in the subarachnoid space,
and is diffused through the cerebrospinal fluid passageways. vTi th the tearing of small cortical vessels, the

pia-mater remaining intact, many small subpial hemorrhages
are formed.
Petechial hemorrhages in the white matter and in
the basal ganglia are found in the brains of most people
who die of head injury.

It is probable that they occur

in many of the patients who recover from moderately
severe and sev·ere head injuries.

These hemorrhages

are found in the perivasular spaces and are often known
as ring hemorrhages.

These small punctate hemorrhages

are followed by coalescent areas of demyelinization
. in the white matter which stain poorly.
Traumatic hemorrhages into the pons and medulla
oblongata occur in about 7 % of the patients who die
of head injury.

They occur most frequently in fractures

of the posterior and middle fossae and are often
symmetrical.

The blood supply of the pons is derived

from the branches of the basilar artery which leave
the main trunk at right angles.

With stretching of the

cerebrum from the brain stem these vessels have a tendency to rupture.
Clinical examples of these relatively minor
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head injuries are found in Hckissock and Brownscombe 1 s
report on fifty-three cases (31). In the absence of
any post-mortem investigations, the nature of the intr~
cranial lesions could only be inferred.

The presence

of abnormal cli nical signs referable to the central
nervous system and their disappearance under observation,
showed that in 41 of the 53 cases a recoverable injury
to the brain had been sustained.

The presence of

blood in the cerebrospinal fluid in 16 cases indicated
the occurrence of at least a moderate degree of briusing
or contusion of the brain.

The five cases with a red

cell count in the cerebrospinal fluid of over one
thousand per cubic millimeter would probably have shown
cortical laceration.

The rapidity of recovery in the

cases with normal intracranial pressure and cerebrospinal
fluid showed that the injury present must have been of
a minor character.

The contre-coup lesion in some

cases of injury .may be a laceration of the brain or

• but it is reasonable to suppose that
its coverins,
less severe injuries from this cause may consist of
local edema only.

Such a minor cerebral centre-coup

lesion might well be associated with a normal intracranial pressure and a cerebrospinal fluid free from
blood, and yet give rise to abnorma~ clinical signs.
Moreover, the apparently slight injuries in that

18.

series may later be capable of producing areas of local
cortical atrophy such as are demonstrable by electroencephalogram in some severe cases within a few weeks
of injury, or which may be revealed at autopsy.
In most head injuries the scalp and skull are
more or less traumatized.

Bruises and hematomas of

the scalp require no special treatment other than
cleansing.

In the presence of active and severe hem-

orrhage, a sca~p wound, of course, requires immediate
attention.

Skull fractures may be of the simple

fissure, compound, depressed, compound depressed, or
depressed in the newborn type.

Fracture of the skull

with involvement of the paranasal sinuses may be
accompanied by cerebrospinal rhinorrhea or pneumocephalus.

Fractures of the middle fossa of the skull

frequently involve the middle . ear, mastoid, and externa ~
auditory meatus.

While such injuries are usually

accompanied by a bloody discharge from the ear, a
discharge of blood or cerebroepinal fluid from the
ear practically always means a basal skull fracture.
Often the aural symptoms are overlooked at first because
the condition of the patient precludes careful hearing

.

tests.

When the patient recovers from shock and coma,

atte ntion is drawn to the ear symptoms •

19.
The intracranial pressure can be elevated after
head injury by swelling of the brain or by development of an intracranial mass.

It must be remembered that

the brain lies within a rigid container, in which are
also cerebrospinal fluid and circulating blood.
Post-traumatic bleeding may be arteriai or venous
and the two types of hemorrhages produce entireiy
different pathologic and clinical pictures.

Arterial

he~orrhage is nearly always from the middle meningeal
artery or its branches.

The clot is extradural and

grows rapidly with increased evidence of general and
local compression.

Typically the patient has a lucid

interval, followed by rapid depression of the state of
consciousness, rising blood pressure, falling pulse
rate, nomolateral pupillary contraction and contralateral
hemiplegia, beginning in the face and progressing to
arm and leg, in order.
symptoms may occur.

Atypically, many bizarre

The condition constitutes an

acute surgical emergency.

The location of the clot

must be determined by the neurologic signs rather than
by the site of the blow.

Sometimes, bilateral explora-

tion by burr-hole may be necessary.
Venous hemorrhage may be subdural, subarachnoid,
or intracerebral.

Regardless of location, the bleeding

is likely to be slow, the symptoms gradually progressive

20.

or occasionally not immediately perceptible at all.
Subdural clots usually result from the tearing of
veins bridging the gap between cort ex and one of the
great dural sinuses, especially the superior longitudinal sinus.

The clot gradually accumulates and

produces moderate signs of a general increase in pressure
which may be indistinguishable fro m those caused by
swelling of the brain.

If undisturbed the clot is

rapidly enclosed by a membrane of flat mesothe11a1
cells and becomes a "chronic subdural hematoma".
Due to the protein concentration of its contents,
the hematoma exerts a high osmotic pressure and may
draw fluid into its sac, thus exhibiting slow progressive
enlargement. (42)
The older thick-walled hematomas require open
remova.L, but the more recent ones, with thin membranes
;

may be evacuated, "washed out" and drained through
s1mp~e burr-ho~es.

It is important to remember that

subdurai bleeding very frequently occurs bilaterally.
Munro (33) in a report of 310 major subdura.1 hematomaa, demonstrated that no less than 62% of intracranial subdural he~atomas can be recognized in their
acute stage .

If they are recognized, the mortality can

be expected to be in the neighborhood of 40%.

It varies

with the patient's age and the efficiency of his

21.

circulation.

So far as the individual types of hema-

tomas go, the fatalities show a consistently higher
age level.

It seems reasonable to conclude that

increasing age is a detriment to the patient in the
acute phase of this disease but has little influence
on the mortality when the chronic forms are considered.
The additional prognostic significance of inefficiency
of circulation is of equal importance.

This is shown

by the fact that medullary edema and hyperthermia
are at least closely linked to changes in the circulation.
Alcoholism and syphilis are shown to be merely coincidental
with cerebral subdural hematoma.
Cerebral subdural hematomas may be expected to
occur in about 10% of all hos pitalized craniocerebral
injuries.

The important thing is to treat the condition

early and adequately.

Early and frequent diagnostic

trans-temporal trephinations should be done.

The chronic

hematomas with their associated disabling symptomatology
may be reduced to a minimum, and at the same time
lower the mortality of the acute cases.
In general it is undoubtedly true t hat the commonest intracranial subdural hematoma is the mixed type
andthat the cause for its formation is trauma to the
head.

The presence of a cerebral subdural hematoma,

whether acute mixed, chronic solid, or chronic fluid,

22.

does not necessarily lead to a fatality.

When the

patient survives the immediate effect of the injury,
the hematomas inevitably cause later symptoms.

These

symptoms wil l be disabling, interfere with the
economic efficiency of the patient and lead to a permanent ' neurosis, which may be associated with permanent
structural changes in the brain.

such tragic late

effects are preventable if the physician who sees
the patient at the time of the original craniocerebral
trauma bears in mi nd the fact that if the patients
with only contusion and laceration of the brain are
adequately and promptly treated they will get better
and be freed of their major symptoms rapidly.

If such

.Patients fai~ to get better, or get worse, however,
the responsibility rests with the physician to
recognize the possibil1ty that a mistake has been
made in the diagnosis and that, as a result, he must
investigate and treat the cause of this failure to
recover by every means at his command.

The electro-

encephalographic findings in cases of traumatic
intracranial subdural hemorrhage constitute cumulative
evidence of the value of electro-encephalography as
an aid to the detection and location of traumatic
intracranial hemorrhage .

~

Cushi ng's (9) classification of wounds or the
was:
"Group !--Scalp wounds:

with or without cerebral

contusion.
Group II--Wounds with local fractures but with
intact dura:

with or without cerebral

injury.
Group III--Wounds with depressed bone-fragments
puncturing dura, and cerebral contusion.
Group IV--Wounds with detac~ed and indriven bonefragments:

brain usually extruding.

Group v--Penetrating wounds with projectile
lodged:

brain usually extruding.

Group VI--Wounds with bone-fragments or projectile opening ventricle:

brain usually

extruded.
Group VII--Wounds involving a) orbito-nasal,
b) auro-petrosal region:

brain exposed:

meninges opened.
Group VIII--Perforating wounds:

cerebral injury

severe.
Group IX--Bursting fractures:

extensive cerebral

contusions."
The bombing of Hawaii on December 7, 1941 gave an
opportunity to study (8) and operate a large number

24.
of neuroaurglcal injuries.

Nea r l y all of these wounds

were compound, depressed fractures of the skull produced
by shrapnel fragments.

The size of the missiles varied

the nature of the wounds and as they were traveling
at high speed the skull defects were uniformly circumscribed holes.

Large gaping defects were made by the

missile and bone-fragments in the dura.

Cortical and

sub-cortical vessels were torn resul ting in sub-arachnoid h emorrhages, some of wh ich resulted in small
hematomas.

Hematomas of various sizes were often

found deep in the white matter of the hemispheres
along the tract of the foreign body.

In the larger

compound wounds, liquefied cerebral tissue and cerebrospinal fluid were always found herniating through
the defect in the skin.

These cases are an example

of the head injuries encountered in the current war.
A diagnosis should be a-word picture of the
pathological condition that is present and that leads
to the need for making a diagnosis.

Its accuracy will

vary directly with the objectivity of the signs and
symptoms upon which it is based and their freedom
from the possibility of individual variations of
interpretati on by the surgeon and the patient.

Thie

holds true in the diagnosis of acute craniocerebral
injuries.
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A prerequisite to the diagno s is of any acute
craniocerebral injury, except perforating wounds of
the skull, is the demonstration of the fact that there
has actually been an injury to the patient's head and
that he has been knocked unconscious as the direct
result of the injury. (32)

Accurate diagnosis of

uncomp.licated nonoperable craniocerebral . injuries are
dependent first upon the history, then on a study of
the make-up and p~essure of the cerebrospinal fluid.
Accurate diagnoses of uncomplicated operable
craniocereoral injuries will always include a word
picture of the as s ociated nonoperable cerebral
condition.

In addition, certain data that are obtain-

able only by special x-ray examinatioh, palpation
through a scalp wound, . a detailed history of the development of symptoms after the accident, and use of an
exploratory trephination whenever the pat'ient's
prog ress does not coincide with the diagnosis already
made are necessary.
Munro (35) g ives the following table fro m cases
of craniocerebral in j ury hos pitalized at the time
of the causative accident.

These figures have been

verified in each c a se by op eration or autopsy.
Non-operable cases
Concussion

63.0%
0.9%
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F.dema and Congestion

18 . 2%

Contusion

25 .7%

Laceration

17 -3%

Operable Cases

36 . 9%

Extradural hematomas

3.1%

Depressed fractures

4. 5%

Compound fractures

11 . 3%

Subdural hematomas

J.7 .8%

A satisfactory classification of head injuries
presents many difficulties from clinical, pathological ,
and statistical viewpoints .

The terms "concussion"

and "skull fracture" though widely used . by medical,
legal, journalistic and lay individuals, have done
much to confuse and ratard the understanding of head
injuries.

"Concussion" becomes meaningless when

applied alike, as it often is, to the patient who
has suffered a mild blow with temporary lose of
consciousness, and to the one who has had a severe
brain injury with coma or delirium persisting for
several days .

A classification on a physic-pathological

basis is desirable, but in most cases can indicate
only an a pproximation of the alterations in the
living patient .
The following classification is suggested : (21)
1.

Mild head injury :

Loss o~ consciousness

~

of not more than ten minutes.

1'rinimal or

po abnormal neurological signs, little or

not shock, and no abnormal findings in the
x-ray film .
2.

Moderate head injury:

Period of unconscious-

ness lasting more than ten minutes , positive
neurolog ical gindings, positive x-r 8 y finding s
and moderate shock.

The presence of any

one of these is sufficient for a diagnosis
of moderate head injury .

3.

Severe head injury:

Period of unconscious-

ness of an hour or more followed by delirium
or clouding of sensorium lasting from
several hours to several days, neurological
abnormalities, x-ray or clinical evidence of
fracture of the sk\,111, moderate to severe
shock.

4.

Extremely severe head injury:

Deep coma,

severe shock, extensive neurolog ical ·
abnormalities , x-ray or clinical evidence
of fr e.cture of the skull.

In this group,

death often occurs within t he first twelve
to twenty-four hours.
The diagnosis of head injury should, then, be
amplified as adequately as the facts at our command
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permit.

If laceration or h ematoma of the scalp exists,

or intracran ial bleeding i s demonstrated, the diagnosis
should include a st atement to this effect.
example, a complete diagnosis woul d be:

For

Moderate

head injury, with hematoma of left perietal region,
fracture of left parietal region extending into
base, probable contusion of left parietal lobe, and
traumatic subarachnoid hemorrhage.

Such a diagnosis

gives an adequate description of the entire picture
and is most useful from both therapeutic and prognostic
viewpoints .
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SEQUELAE
A.

EPILEPSY

Convulsive seizures frequently follow an injury
to the brain.

They may occur immediately after the

trauma, or many years later.

Approximately 3 per cent

of patients with major head injuries develop convuls i ons within the first few hours after the trauma.
Seizures are especially prone to develop in the
presence of a depressed fracture of the skull in or
near the motor area.

However, convulsions may occur

with fractures in any part of the . skull, and often
when no fracture has been sustained.

It is difficult

to determine which patients will develop convulsions
after a head injury.

Probably other factors in add-

ition to the actual trauma to the brain itself,
are involved.

The basic status of the patient plays

an important role:

those who have what may be

called a "convulsive diathesis" a r e more likely to
develop seizures, the mechanical injury to the brain
being the precipitating factor.
The incidence of traumati c epilepsy following
head injury seems to be quite variable according to
the literature.

In many instances convulsive seizures

follow a head injury after an interval of many months
or even many years.

It is difficult to estimate the

percentage of patients in this group with the same
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degree of accuracy that i s possible in a large series
of patients who have convulsive seizures immediately
following a head injury, because in the latter
instance the seizures occur while the patient is
under observation in the hospital, or shortly before
he is brought to the hospital.

When, however, seizures

develop a considerable length of time after injury,
cont act with the medical agency first treating the
patient frequently has been lost .

The estimates,

therefore, are unreliable; percentages reported have
varied from 10 to 30%.

The former figure is probably

a fairer estimate and is the one generally accepted.
Figures after World War I are:

Sargent (50), 4½%

in 18,000 cases; Ascroft (3), 34% i n 317 cases;
Wagstaffe (57), 10~ in 377 cases; Rawling (44),
25% in 452 cases.

The variability of these figures

depends on the manner of selection of the headinjury series, and the length of time unde~ observation.
The first fit may occur within a few hours
after injury or may be delayed at least as long as
twenty years.

Epilepsy begins more often in the

first two weeks, and thereafter the liability to
develop epilepsy progressively diminishes .
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Convulsions are caus ed by an injury t o the
brain.

raumatic epilepsy is a complication of

localized des t ruction and scarri ng of cerebral tissue
particularly from so - called "open injuries," when
the dura has been penetrated .

This situation is

seri ous, and few surgeons appreciate the disabling
possibilities of t h e simplest dural wounds.

The

proble~ is even more complicated in the common
type of modern bomb or splinter injury, in which
small fragments of metal and bone scatter widely
through the brain, and lodge in the most inaccessible
places.

Such foreign bodies appear to cause no

trouble, for they are seldom infected, and after
debridement of the most superficial , the others may
remain until more is known about t h eir epileptogenic
. properties .

So far as present hypothesis goes

(J?enfield, 38), it is the cerebrodural scar that is
epileptog enic, not necessari ly the forei gn- body
rea ction, and experi ence wit h t hes e very s mall splinters
of bomb casing s certainly bears this out .
When the scar contracts the brain i s pulled
toward t he point in the meninges where the attachment has taken place.

This point may thereafter

be a focal point fro m which dischar ges may be set
off precipitating convulsi ons .

Frequently, the
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location of the scar may be suspected from the
character of the seizures, which may show some
evidence of definite aura, or may indicate the
focal origin by the initial movements with which
the convulsions start .

Not infre~uently such focal

points are located directly beneath a n old
fracture .

Prolonged wound s 0psis, as indicated by

delayed healing, favors the subsequent onset of
epilepsy both in cases in which the dura has been
penetrated and in those in which the integrity of
the dura has been preserved .

Epilepsy is more

common after wounds affecting the sensori-motor
cort ex than after wounds of the polar regions of
the cerebral hemispheres .

In cases in which the dura

had been penetrat ed fits were twice as frequent (45%)
as in the scalpan:l skull wounds in which the dura
was intact (23%) . (3)

In general the more severe

wound is more likely to cause fits. (57)
Marmor (29) found abnormal electroence phalographic
records in five patients with traumatic epilepsy.
These records showed poor alpha activity and
occasional bursts of slow h igh amplitude potentials .
In two cases there was electrical evidence of definite
epileptogenic foci .

The electroencephalogram shows

widespread activity of epileptic t ype in many cases
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of laceration of the brain without clinical evidence
of convulsions, a nd t h is also rapidly subsides without
clinical evidence o f aftereffect.

There is, however,

an exceptional and rare type of case in which a relatively trivial injury has been followed by persistent
severe fits of a generalized kind, with an electrical
record in the intervals between the attacks resembling
that of deteriorated idiopathic epileptics.

A

previous constitutional liability to epilepsy is then
to be suspected, and the prognosis is poor . Williams
(60) .believes that the electroencephalograph was an
index of cerebral abnormality after head injuries,
and so long as the clinical recovery and improvement
in the electroencephalograph went hand in hand th e
outlook was good .
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B.

OTHER ORGA1GC DISABI LI T IES

A relatively common occurrence in patients
suffering fr :.)m the effect of a minor injury to the head
is a delayed collapse--often loosely called ''delayed
concussion".

This term is often used without dis-

crimination to cover either a state of mild posttraumatic confusion or the effect of emotional shock.
Since hemorrhage from the middle miningeal artery
is the. best known of the comp.11cat1ons within the
next few hours after head injury, collapse usually
leads to suspicion of that condition.
symptoms are well known.

Its cardinal

Not uncommonly there occurs

a disturbance whic~ while giving rise to anxiety,
f ai ls to . develop further, and in fact improves rapidly
with rest. (15)
This condition is characterized by collapse
with a subsequent very slow pulse occurring at short
interval after head injury indicates probable contusion of the medulla.

From the frequency of delayed

bradycardia in severe head injury it is thought such
contusion is a frequent complication in these injuries.
It is not related to increase in intracranial pressure.
Fractures of the middle cranial fossa extending
into the sphenoidal fissure may produce a tear in
the internal carotid artery as it traverses the c aver-
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nous sinus .

A direct commun ica tion between the arterial

and venous systems is thus established and results
in an arteriovenous aneurysm or fistula .

The lesion

itself is productive of a swishing intracranial bruit
synchronous with the pulse .

The treatment of traumatic

arteriovenous aneurysm consists of digital compression
of the carotid artery followed by ligation .

.

A subcutaneous collection of cerebrosp1nal fluid
following a fracture of the skull is known as a spurious
traumatic meningocele .

I t occurs without laceration of

the scalp but with a tearing of the dura mater by a
bone fragment .
Rarely, following head injury , the patient
develops diabetes insipidus due to the injury of the
hypothalamus . · Subcutaneous emphysema may occur when
a fracture of the skull extends into the frontal or
ethmoid sinuses .
In 1928 Martland (30) described a chronic progressive disease of the brain in pugilists, which he
termed "punch drunk" .

The syndrome ·1 s chara cterized

by awkwardness of gait, slight mental corl:fusion,
slowing up of all coordinated muscular movements,
and tremor of the hands and head .

Later, with further

progress of the process, mask-like facies, muscular rigidities and mental deteri oration develop .
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Martland be l ieved t he d isease due to mult ip le repeated
petechial hemorrhages in the corpus striatum, the
result of repeated head injuries incurred by pugilists .
In discussing his retirement from the prize ring ,
Gene TUnney (56) said, in connection with h is training
for the second Dempsey fight : "I went into a clinch with
my head down, somethi ng I never do .

I plunged forward,

and my partners head came up and butted me over the
left eye, cutting and dazing me badly • . Then he stepped
back a nd swung his right against my jaw, with every bit
of his power .
I stood .
days .

It l anded flush and stiffened me where

That is the last thing I remembered for two

They tell me that I finished out the round ,

knocking the man out . "

TUnney further stated that

it was 48 hours before he knBw who he was, and not
until the seventh round of the Dempsey fight was he
entirely normal .

In concluding, he said :

nFrom that

incident was born my desire to quit the ring forever ,
the first opportunity that presented itself .

But most

of all I wanted to leave the game that had threatened
my sanity·, before I met with an accident in a real
fi ght with six-ounce gloves that woul d permanently
hurt my brain . "
Children are much less likely than adults to
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develop post-traumatic symptoms after mild or moderate
head injuries .

However, severe head injuries, in which

the initial period of unconsciousness persists for
several days or more, are frequently followed by
marked behavior and personality disorders .

Permanent

mental enfeeblement may result from severe injuries
sustained during infancy or early childhood.

In later

childhood, the personality changes may be such that
a previously docile and well- mannered child becomes
a difficult behavior problem often necessitating care
in an institution or special school .
Although traumatiu injuries may produce similar
lesions, true paralysis agitans is rarely the result of
head injury, lesions due to trauma are usually widespread and it is only when petechial hemorrhages are
concentrated in the basal ganglia that a clinical
condition closely resembling true Parkinsonism ensues .
various types of cerebral soften9ing and vascular lesions
following trauma have been described .

Such changes in

the vessels can weaken the vascular walls so that the
patient is predisposed to cerebral hemorrhage .

This

is the expl anation given for ''late apoplexyn following
trauma .

No evidence exists that trauma is t he cause of

cerebral arteriosclerosis .
On the whole, it may be said that any trauma which
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is severe enough to cause organic changes in the
central nervous system, may be a definite contributory
factor in establishing symptoms in a known luetic
individual who, previous to the trauma, was symptomfree.

It is generally accepted by the courts that

trauma might accelerate the course of the disease and
produce symptoms which otherwise might not have
appeared.

In the absence of scientific proof to the

contrary the injured individual is given the benefit
of the doubt.
The role of trauma in the causation of tumors of
the brain has occasioned considerable controversy.
Cushing' s opinion was a s follows:

"The relation

between trauma and the first appearance of symptoms
is a coincidence that occurs too often to be ignored.
And not infrequently, on shaving a patient's scalp, the
scar of an old and forgotten injury may even indicate
the precise situation of the lesion; this being particularly true of meningeal tumors.

It must, however,

be admitted that a latent tumor itself, through an
epileptic attack or faint, may have been the cause of
the fall producing the cranial injury.

Hence, trauma

may not actually occasion, but may only serve to
bring a pre-existing lesion into symptomatic prominence,
owing possibly to the rupture of a blood vessel in a
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vascular growth."

In a recent contribution on the

subject by Weinberg in which the literature is
thoroughly reviewed and a series of 102 brain tumor
cases analyzed, the opinion is offered that a relationship does exist between trauma and brain tumor, either
causation or activation of a latent brain neoplasm .
In his series of cases, Weinberg found that 7.8 per cent
fulfilled the strict requirements necessary to establish
a relationship between trauma and tumor . (21)
Today the term narcolepsy is reserved for cases
in which there are attacks of uncontrollable sleep,
often without known cause.
not a diseas e.

It is a symptom complex,

In the absence of tumor or other gross

pathology, narcoleptic symptoms are often the result
of a loc~lized mild encephalitis due to an attenuated
form of the virus .

Trauma to the skull may be expected

to cause similar local effects if damage is localized
in the region of the hypothalamus and the third ventricle .
Gill (20) reports three cases in which it is fair to
assume that the accident to the skull was the responsible
factor.

Such cases are organic, and not hy~terical.
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C.

INTRACRANIAL INFECTION

Bacterial conta~ination of the cranial contents
involves additional factors not encountered elsewhere
in the body. (41)

The cerebrospinal fluid circul-

ation constitutes a medium for the rapid and widespread dissemination of organisms.

The confinement of

infection within a rigid container results in the
pressure phenomena already discussed.

The problem of

the dreaded fungus cerebri is sometimes insoluble.
The brain is well protected from infection, however, and it is well to remember that post-traumatic
intracranial infection can occur, for all practical
purposes, only if there is a break in the continuity
of its protecting walls, the skull and dura mater.
'he experiences of Cushing and others in the last
war and a comprehensive experimental study in
Pilcher's (42) laboratory indicate that certain factors
are of particular importance in the development of
infection following wounds of ~he brain:
1.

Most important of all is the time element.
When such a wound remains open more than
twelve hours it is an infected wound.

Its

devitalized tissue and blood clot are ideal
culture media.

On the other hand, the brain

is remarkably resistant to infection and
wounds properly treated wi thin twelve hours
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heaL per primum in a high percentage of
cases .
~.

Danger of infection is greatly increased
if the ventricle is penetrated .

3.

Foreign bodies which communicate with the
skin, the subarachnoid space or the ventricle
are far more dangerous than those remaining
embedded in the cerebral substance .

However, Munro (34) has found in his clinical
experience that infection of wounds in compound fractures
of the skull is minimal during the first 48 hours .
After the injury, he has therefore repeatedly advocated
postponement -up to 48 hours of such major operative
procedures as debridement .

The postponement should

last until the patient is well out of surgi-c al shock
and unt'i.L he i~~n institution where personnel and
equipment, including means for multiple blood transfusions, are available.

He has always insisted that,

as a corollary to this, the first dressing must be
one that only requires an absolute minimal handling of
the wound and the debridement, when carried out, must
be 100% complete .
In a report of 112 cultures made from 70 patients
with varying types of compound fractures, 55% snowed
infection during the first 24 hours, 66% during the
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first 48 hours, and .91% after 48 hours .

Pathogenic

hemolytic streptococci were grown from the wounds
of only seven patients, in onJ.y one of whom there was
evidence that the contamination could reasonably have
taken place at the time of infection of the wound .
This evidence emphasizes that value of immobilization
of the wound or its equivalent in all compound
fractures as a means of preventing contamination from
becoming infection , and the lack of significance of
the local growth of bacteria as the cause of this
change .
Invas ion of the subarachnoid space results in
meningitis .

Meningitis is res ponsible for about

5 to 8 per cent of all deaths following head trauma .
Gross, contaminated wounds of the brain may produce
a spreading, fatal cerebritis , or a localized cerebral
abcess may occur .

When the pia mate r is not injured,

infection may still penetrate deeply into the brain
by way of the perivascular spaces .
In compound skull fractures, either simple or
depressed, where the dura mater has been torn , the threat
of meningitis exists but can be almost completely eliminated if the wound is thoroughly and promptly debrided .
Such a portal of entry . for bacteria may be provided
by an obvious compound frac~ure, by a basal fracture
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with rupture of the eardrum o r of the mucosa of a
paranasal s i nus or by a penetrat ing wound.

Abscess

of the brain following trauma is an uncommon complication.
It may follow gunshot wounds where i nfectious a gents ·are
carried directly into the brain by the missile, and in
some instances, compound skull fractures where the
debridement has been incomplete.( 42)
A cerebral hernia is a protrusion of cerebral
tissue through a defect in the dura mater secondary
to a compound fracture of the skull or some operative
procedure on the skull.

When compound skull fractures

are thoroughly and promptly debrided and a careful suture
of the galea carried out, cerebral hernias rarely occur.
In the presence of infection however, the wound may
break down, a nd if the dural closure has been imcomplete
or f a ulty, brain matter will be forced through the
defect in the dura mater and skul l by the increasing
intracranial pressure.
Osteomyelitis of the skull followi ng a blow t o the
head is not a frequent complication nowadays.

Prior to

the time of antiseptic surgery, it was a common occurrence fol l owing open cranial wounds.

When large areas

of the skull are denuded by extensive lacerations or
burns of the scalp, the bone is more likely to become
involved.

Osteomyelitis may a lso result from compound

skull fractures wh ich become infected.
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D.

CRANIAL NERVE I NJURIES

The cranial nerves are frequently involved in
head injuries, particularly in cas es of fracture of the
base of the skull.

The lesion may be a contusion of

the nerve or a hemorrhage into the nerve sheath.

In

these cases the impairment of function is usually
temporary.

On the other hand, when the nerve is

lacerated at or near its foramen of exit from the skull,
permanent loss of function ensues.
The olfactory nerve filaments passing through
the numerous small apertures in the cribriform plate
are easily torn in anterior cranial fossa fractures.
The olfactory bulbs and tracts are also liable to
injury, due to their exposed anatomical location.
The defect in the sense of smell is rarely recognized
during the acute phase of the head injury.

Inability

to detect odors is usually not noticed until the
patient ,is up and about, performing his customary
duties .
Loss of vision, either unilateral or bilateral,
fortunately a rare occurrence, is found in less than
one per cent of head injuries .

The loss of vi.sion is

due to injury of the optic nerve, chiasm or tract .
Claims for damages, compensations and pensions arising
from visual impairment are constantly increasing.
a general rule a patient with a fractured skull or

As
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brain concussion with early eye

symptoms or changes

has less chance of eventual recovery than one whose
eyes play no part in the clinical picture.

Late

development of eye changes demand careful diagnostic
evaluation especially from a forensic viewpoint. (6)
Study of eye changes incident to trauma was made
by Blakeslee (5) of 610 cas es of skull fractures .

416 (78%) of those showed eye manifestations in the
form of:
1.

Ecchymosis and hemorrhage in the lids, conjunctiva, or orbit.

2.

Paralysis of extraocular muscles, includi??-S
ptosis.

3.

~ystagrnus.

4.

PUpillary phenomena.

5.

Changes in the Visual fields.

6.

Fundus and optic nerve changes.

Palsy of the oculomotor nerve 1s a frequent finding after head injury.

Its most usual manifestation

1s a unilaterally dilated pupil.
trochlear nerve is uncommon.

Involvement of the

Minor degrees of palsy

due to injuries to this nerve are usually unrecognized.
Injuries to the abducens nerve are more common, having
been found in 7 of 444 cases.

This nerve , because of

its long course along the base of the skull, is often

-46.
injured, with a resultant partial or complete paralysis
of the lateral rectus muscle which is the only one
it supplies.

In nearly all such cases, improvement in

muscular strength occurred over a period of several
months.

Otten (37) found that the sixth nerve was the

most commonly involved.
The motor division of the trigeminal nerve is
rarely involved in head injuries.

Neither are the

~asserian ganglion nor the three main sensory divisions
often damaged .
Peripheral facial palsy was found in 5 of 444
cases.

The facial nerve may be involved along with the

auditory nerve in fractures through the petrous portion
of the temporal bone.

Facial weakness is rarely noted

immediately after the head injury, but develops after
a lapse of several hours:{,.When the eighth · nerve . is
injured, associated with the hearing loss one finds
evidences of vestibular nerve dysfunction, · such as
spontaneous nystagmus, incoordination, tinnitus, and
vertigo.

Dizziness, which is so frequently present

following head injury, is in most instances probably due
to cerebral vasomotor disturbances .
Injuries to the remaining cranial nerves, the
ninth, tenth, eleventh, and twelfth, are usually discovered at autopsy since the a ssociated damage to vital
medullary centers is ordinarily incompatible with life.
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E.

POST-TRAUMATIC GENERAL CEREBRAL SYNDROME
Mental aberrations frequently accompany head

injuries.

In most cases they are of a temporary nature

and clear up promptly when the _ state of consciousness
returns to normal.

Complete amnesia for the accident

and the events preceding it (retrograde amnesia) may
occur.

In a severe injury, as consciousness returns

delirium often replaces coma.

Confusion, resistiveness,

and marked restlessness which is frequently _refractory
to all forms of sedation, accompany this acute
traumatic delirium.

It usually clears up in a few days,

but in some cases may persist for a month or longer.
The patient may remain confused and disoriented for
many weeks .

The essential factor that retards or

prevents full restitution of cerebral capacity is the
generalized cerebral disorder, of which the best indices
are the duration of true post-traumatic amnesia and
a residual intellectual deficit~(21)
Many head injuries are followed by a train of
subjective somatic symptoms accompanied by personality
changes and mild mental disturbances.

The incidence

of this troublesome sequela is influenced by several
factors.

The severity of the injury may play some

part, since post-traumat ic_ symptoms develop more
frequently after severe injuries than after mild ones.
The age of the patient at the time of the injury is
of great significance.

Persons over 50 years of age
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who suffer head injuries nearly always develop posttraumatic symptoms, and these symptoms persist longer
than in younger persona.
Prominent in. the sequelae of head injury are
headache, usually associated with vertigo, difficulty
in concentration and insomnia, with or without
depression.

This whole group , variously described as

the "postconcussion syndrome," "post-traumatic general
cerebra.L syndrome" and

11

minor contusion syndrome" is by

far the commonest symptom complex that develops out
of craniocerebrai injuries.

It follows all kinds and

degrees of head injury, although many writers have
commented on its absence in many cases of severe laceration of the brain (Strauss and Savitsky, 53).

'J

Schaller ,

subdivides cerebral post-traumatic disorders into the
"post-traumatic psychoneurotic state," with symptoms
of headache, dizziness and hysteria, and the "posttraumatic concussion state (encephalopathy), 11 with loss
of concentration, defective memory and vertigo.

This

presupposes that headache, dizziness and so forth
are P?YChoneurotic symptoms, and some frankly ascribe
·,he

combination to a compensation motive.

Others (49)

have pointed to its occurrence in cases without compensation fa ctor of any kind.

The subject has been very

adequateiy reviewed by Strauss and Savit sky (53).
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Penfield and Norcross (39) cla i m that post-traumatic
headache is due to meningeal adhesions demonstrable
by their special technic for showing subdural air , .
and that "the patient's description of his symptoms

.

makes the diagnosis certain and a.llows the understanding
physician to recognize the true sufferer. "

They do not

specify the elements in the description on which this
sanguine statement is based .

It is probable that head-

aches of organic and psychoneurotic types should have
different clinical characteristic s .

Denny-Brown with

his associat es (14) attempted , unsuccessfully , to
define such differences as may exist.

They found

that clearly demonstrable meningeal scarring was
occasionally the site of localized ache, but usually
not .

Subdural air has been seen in encephalograms

without previous anjury (Lemere and Barnacle , 27) ,
and is not rega rded as of value in diagnosis •
The implicit confidence and the rigid finality
of some observers who assert that most o~ the persistent
complaints of the postconcussion state are psychogenic
and result .fro m subtle suggestions of environment and
from unco nscious wishes for security are at times
surprising.

On the other hand , there is much to support

the contention that the subjective complaints are due
to organic changes within t he s kull .

The same , complaints
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(headache, dizziness , fati g~ bility, etc.) are encountered in those unconcerned with compensation.

It is

informing, for example, to read the description by
physicians of their own experiences following head
injuries.

Such relatively well-trained observers,

though, before their injuries strong believers in the
psychogenic nature of the multiple complaints of
patients with head injuries, readily become converted
to the theory that these clinical changes are often
due to organic disease of the brain.
In the opinion of Strauss and Savitsky (53),
the objective post-traumatic syndrome, is organic and
is dependent on a disturbance in intracranial equilibrium
due directly to the blow on the head.

Psychogenic

factors always complicate the clinical picture if the
socio-economic and other difficulties following trauma
last long enough.

Negative results on neurologic

examination and a normal mental status are no final
criterion of the presence, absence, or degree of damage
to the brain resulting from head trauma.
The course of a moderately severe case of brain
concussion is one of quick recovery from the immediate
symptoms of shock.

The duration of residual symptoms

in severe uncomplicated cases rarely exceeds three
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months and is often considerably shorter.

Symptoms

of the post-concussional state are headache, vertigo,
tinnitus, nervousness (usually described as explosiveness
and irritability), impairment of memory (which may include events immediately preceding the accident), sensitiveness to heat, impairment of vision, fatigability,
poor concentration, and intolerance to alcohol.

Exam-

ination often reveals a hopeful rather than discouraged
patient, with a normal pulse but not infrequently a
low blood pressure, and a far lower incidence of lively
reflexes, vasomotor disturbances, and tremors than to
be found in the psychoneurotic group.

The post-

traumatic concussion state produces reversible changes·
of brain function which, in severe cases, may become
irreversible, with demonstrable pathologic change.
After a reasonable period of complete rest, the
injured person must be encouraged by his own physician
in cooperation with the employer to return to work.
At first part-time work or a lighter job may enable
gradual adjustment to take place .

Most individuals

are able to return to work within six months after a
severe head injury.

In some cases one to three years

are required for stabilization, and even then relapses
may occur.

In about one-third of the cases permanent

partial disability results, and an additional 5 to 10%
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are totally and permanently incapacitated .

The hostile

attitude of many examiners for industrial insurance
companies toward the individual with post-traumatic
symptoms does much harm and often prolongs secondary
psycho l ogical elaborations.

out-and-out malingering is

uncommon and usually easily recognized.
A large group of cases with a disability syndrome
that is labeled "psychoneurotic" remain to be discussed.

Many of these present the post-traumatic

general cerebral syndrome following a trivial injury.
The characteristic headache usually develops only
after an interval that may be of a day or longer,
perhaps weeks.

There is often no trace of injury,

intellectual deficit, abnormal electroencephalogram
or other change at any stage.

A carefully taken history,

however, elicits evidence of nervousness and anxiety,
especially fears of serious consequen~es to health
or to ability to continue earning.

A severe emotional

reaction at the time of injury commonly occurs.
longed insomnia is its most reliable index.

Pro-

This

immediate emotional reaction is not to be confused with
the la~er emotional upheaval when, after severe injury,
the patient first develops awareness of his calamity.
The disabling symptoms do not differ from other
forms of anxiety neurosis except that headache is a
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prominent symptom.

It is usually dull, generalized,

steady and pers istent, little or not at all relieved
by rest, as in simple anxiety or depressive illness.
Common association of the post-traumatic syndrome
with poor physical development and vasomotor instability.
such as pallor and faints, often antedating the head
injury, suggests a common background.

It is remarkable

that such a syndrome should respond to psychotherapy,
and it is therefore concluded that it can be a psychoneurotic manifestation.

Intolerance to alcohol, a

well-known aftereffect of organic cerebral damage,
also occurs in some purely psychoneurotic cases after
trivial head injury.

Headache may coexist with or be

replaced by simple anxiety, fears, depression or
hysterical fugues or blindness.
Psychoneurotic types _of reaction to head injury
are usual in mild mental defectives and psychopaths.
Such persons suffer unduly prolonged disablement from
head injury; usually, the post-traumatic syndrome is a
sign that their adaptation to the stresses of the world,
already precarious, is easily disturbed by such an event
as head injury.

In civilian practice, morons and aged

persons are also more sensitive to disturbance of an
already precarious equilibrium.
The greatest difficulty a ris es in the borderline
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c a se--the patient who makes a good response to treatment but is liable to relapse during stress.

Twenty

factors which operate powerfully in favor of relapse,
when in any combination, are:

family history of

nervous or mental breakdown, poor school record,
unsatisfactory childhood, unsatisfactory work record,
previous psychopathic traits or nervous breakdown or
symptoms, time in hospital, dislike of life in past,
keenness to return to duty, stress, adequate external
anxiety (domestic or financial), disillusionment,
physical factors, conversion symptoms, querulous
hypochondriasis, depressive symptoms, anxiety symptoms,
amnesic episodes, surly or paranoid attitude, fits and
f a ints. (14)
Schaller (51) offers the following differential
diagnosis:
Post-trauma tic Psychneurotic State

Post-concussional State

1.

Do not wish to work.

1.

Wishes to work.

2.

Depressed, emotional,
complaining.

2.

Euphoric, agressive,
periods of explosive
irritabi~ity.

3.

Mentally alert.

3.

Amnesia of injury:
memory a nd concentration difficult.

4.

Aggravation of inherent personality defects.

4.

Ch anges from original
personality makeup.
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5.

Frequently siight
injury.

5.

Often severe injury
followed by long
period of unconsciousness.

6.

Hysterical symptoms
and signs.

6.

No hysterical symptoms
or s 1gns.

7.

Exaggeration and
elaboration in statement and behaviour.

7.

None .

8.

Course: tendency to
aggravation.

8.

Course: tendency
to improvement.

9.

Favorable effect of
termination of compensation or of settlement.

9.

No effect of termination of compensation
or settlement.

10. Constant and precise

10. Multiplicity, change-

symptomatology.

ability, and indefiniteness o f symptoms.
11. Headaches rarely
absent.

11. Headache frequently

12. Dizziness, g i ddiness .

12. Dizziness, vertigo.

13. No disturbance of toler-

13. , rntolerance to heat

absent.

ance to heat and alcohol.

and alcohol.

Marinor and Savitsky (29) believe the electro-

-

encephalograph is an aid in the deterQination o f whether
the various symptoms following cerebral concussion should
be attributed to organic or psychogenic factors.

They

found 8 of 11 cases diagnosed as post-concussion syndromes showed abnormal waves.

No abnormal waves were

found in four cases which were diagnosed as hysteria.
Anderson (2) in studying the psychiatric syndromes
following blast supports the view that a structural
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cerebral lesion was respons ible for the b a sic symptoms .
No conclusive evidence was forthcomi ng that the lesions
were due to bomb bla st alone; in all but two cases
ordi nary head ·injuries were associated (although the
histories appeared to make the head injuries trivial) .
Frank psychosis resu lting from head injury is
extremely rare .

Mania, deep depression or schizo-

phrenia may be precipitated by the general disturbance
of the injury in a person with a strong predisposition .
More commonly, the phase of confusion during recovery
from a severe injury may be colored by elation , depression
or hallucinatory experience.

When confusion is prolonged,

this phase may also be prolonged for weeks or months ,
but with a steady tendency to recover'J• (54)
Changes in personality and outbursts of irritability
are not uncommon , but there is usua lly some evidence
of instability and swinging of mood before the injury .
Obsessional traits may become extremely pronounced .
Such changes are therefore regarded as usua lly being
psychoneurotic, and are not directly comparable to
the more complete change in personality seen sometimes
in children after head injury .
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IV.

GENERAL TREATMENT·

The fundamental principles in the treatment of
head injury include rest, quiet, sufficient nourish-

ment, adequate fluid, mineral and vitamin intake,
attention to the bowels, bladder, and skin, combined
with careful and sk~llful observation to detect changes
requiring alteration in therapy.

Every patient must

be treated as an individual, and no rules can be
formulated which are applicable to all cases.

In

this, as in -all good medical and surgical practice,
the treatment must be made to fit the patient, and
the therapist must have in mind just what is expected
of any proposed procedure .
Rowlette and Weiner (46) in a study of 121 cases
of severe craniocerebral injury a mortality of 23.1%
was experienced using spinal puncture, hypertonic
sucrose, and limitation of fluid intake .

Cushing {10)

and his team in a British casualty clearing station in
World War I reduced the operative mortality of head
injuries from 56% to 25% .

Pickles (40) in a report

of 554 patients with head injuries found an operative
incidence of 6%, an operative mortality of 29% , and
a gross mortality under 5%.

Pilcher (43) regards

statistics of little importance in his series .

In

his summary of 373 cases , 61 . 5% of the patients who
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died, passed away in the fir st 24 hours following
injury.

In all probability, these early fatalities

were in patients whose recovery could not have been
brought about by any therapeutic method.

If this is

true, in only 38.5% of the patients who died, or 5.4%
of all patients, might the cou~se have been altered by
different methods of therapy.

This narrow margin

probably accounts for the wide divergence of opinion
regarding methods of treatment, since the results of
all methods in good clinics are likely to fall within
the same general mortality limits.
Pilcher and Angelucci (43) analyzed the clinical
signs for prognosis and diagnosis:
A.

Signs of grave prognostic significance.

These

signs occurred almost exclusively in the most
seriously injured groups.

B.

1.

Temperature over 103 degrees Fahrenheit.

2.

Irregular, labored, or periodic respirations.

3.

Compound fractures (dura mater pierced).

4.

Pupillary abnormalities.

5.

Severe paralysis.

Signs indicating that the injury probably is
severe.

These £igns occurred with increasing

frequency in the severely injured groups, but
were present in some mildly injured patients.
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c.

1.

Mild neurological sign s .

2.

Temperature 100-103 degrees Fahrenheit.

3.

Pulse rate over 100/minute.

4.

Respiratory rate over 28/minute.

5.

Systolic blood pressure under 90 mm.

6.

Pulse pressure below 30 mm. or over 70 mm.

7.

Fractures of the skull.

8.

Convulsions.

Signs of little value.

These signs occurred

so rarely or were distributed so equally as to
be of no ~ignificance.
1.

Marked elevation of systolic blood pressure.

2.

Slow pulse rate.

3.

Slow respiratory rate.

The commonly accepted signs of cerebral compression
(elevated systolic blood pressure, slow pulse, and slow
respiration) were found to be of little clinical importance in this series, whereas certain signs of shock
(low systolic blood pressure, low pulse pressure, and
rapid pulse rate) were of much greater significance.
However, these findings were tabulated only a few
hours following injury.
A patient who has suffered a head inj ury, when
first seen, is often comatose or uncooperative.

The

value of an accurate history is s elf-evident, though
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often unobtainabl~ since many pati·e nts are brought
to the hospital following accidents.

In such cases

reliable witnesses or accurate information are often
unavailable.

When a history cannot be obtained, but

tnere is external evidence of an injury to the head,
the condition should be considered as due to trauma
until proved otherwise.
If obtainable, data concerning the age, sex, race
and occupation of the patient should be recorded on
the chart.

The type of accident ' and the time when it

occurred should be learned if possible.

Also details

of past illnesses, particularly heart disease, convulsive seizures, diabetes, hypertension, drug or

•

alcohol addiction, which may have caused the patient
to fall and suffer a head injury.
The first medical observer should make a rapid
appraisal of the condition of the patient and note his
findings carefully.

The state of consciousn~ss, color,

pulse rate, temperature and blood pressure are most
important.

The escape of blood, spinal fluid or brain

tissue from the orifices, and the presence of injuries
of other organs or of the extremities must be looked
for.

The odor of the breath may aid in detecting

diabetic coma, uremia, or alcoholism.
Often, the condition of the patient permits only
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a brief neurological examination, yet a careful appraisal
of the nervous sy s tem is necess a ry since treatment is
greatly influenced by alterations in the nervous structure .
A brief mental examination shou ld be done and a note
made whether the pa tient is in coma, stupor or drowsiness.

The scalp and skull should be carefully exam-

ined.

One sho ul d test the cranial nerves, the eyes

especia1ly close .
Among the laboratory aids,the blood and sero l ogy
should be routinely checked .

The indications for

lumbar puncture are--coma, stiff neck, fever, and increased
intracranial pressure.

X-ray should be delred until

pa tients condition permits unless a compound or
depressed skull fracture requiring immediate surg ery
is tho ught to be present .

A series of x-rays (laterals,

b as e, and anterior-posterior) should be taken before
discharge for legal reasons .

Pneumo-enceph alog raphy

is e special ly good in post-traumatic st ates.

Ventricul-

ography may help to localize a t r a uma tic subdural
hematoma for example .
Mild head injur i e s requi re very little active
therapy other than rest a nd quiet.

After a period of

obs e rva t i on of two or t h ree d ays the pat ient may be
permitted to go home but must be kept in bed for an
additional week and then allowed out of bed only if
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he is symptom-free.

With_any head injury of greater

magnitude than mild, a minimum o f three weeks' rest
in bed in prescribed, and this may be prolonged if
symptoms ar.e present at the end of three weeks.

If

possible the patient who has suffered a major head
injury should be kept in a quiet, darkened room where
his vi sitors can be restricted and where ali disturbing
influences can be eliminated.

The best "splint" for

an injured brain is absolute re s t--both physical and
mental.

Outside stimuli can be best reduced in a

quiet, darkened room with careful and understanding
nursing care.
McKissock and Brownscombe (31} reported 53 cases
of apparently t .rivial head injuries, many with scalp
wounds, but none with fracture of the skull.

Abnormally

rais ed or low ered intracranial pressure(as measured by
lumbar puncture} was found in 19; blood was present in
the cerebrospinal fluid in 16; 41 (77%) showed abnormal
physical signs referable to the central nervous system.
Lumbar puncture did not increase intracrani a l bleeding;
the results even indicated that lowering the pressure

.

may reduce bleeding.

They advocated maintaining normal

·intracranial pressure by t he regulation or fluid intake,
elimination of fluid by the bowel, and judicious use of
lumbar .puncture.

The scalp wound should be treated by
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the wide shaving of the scalp, total excision of
damaged tissue and removal of foreign bodies, and suture
of the galea and skin in two layers wi thout tension by
closely approximated silk sutures.

At the time of

injury many cases can be treated best by the application of a first-aid dressing and transfer to a centre
where there are adequate facilities for investigation
and treatment.

There were no deaths among the 53

cases, and all but one of the patients was discharged .
from the hos pital free of symptoms.
Rawling (44) proposes the following treatment
for mild headache:
1.

Light job, preferably out of doors.

2.

Complete abstinence from alcohol .

3.

Regularity of bowels.

4.

Avoidance of exposure to the effects of heat •.

5.

Mild narcotics during periods of relapse.
Aspirin, potassium bromide, and chloral
hydrate, of each 15 grains .

6.

RecumbErt position in a quiet, darkened room,
during periods of prostration.

7.

Avoidance of excitement.

8.

Suitable, permanent pension.

The most valuable single factor in the management of head injury i s undoubtedly that which might
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be called prophylactic psychotherapy. (14)

This is

the affair of the ordinary physician or medical officer.
Optimism is often said to be the essence of psychotherapy.
Whereas this is surely true of nervous conditions in
general, its wholes~le application to head injuries is
nearly as detrimental as undue pessimism.

There is

mothing more infuriating and .discouraging than to be
expected to achieve what is not possible.

The success-

ful management of head injuries therefore requires
knowledge of what might reasonab l y be expected of the
patient.

To get a moderately severe head case up in

the third week after injury brings the same trouble· some sequelae as keeping a very mild case lying flat
for four weeks.

The first is discouraged by failure

and takes a long time to get over the reaction; the
second is convinced that some vital damage has occurred
and ·will be anxiously on the qui vive for catastrophe
for a long time afterward.

The nature of the man and

the severity of the injury must be takent into account.
Insomnia and anxiety indicate underlying emotional
tension.

Regular discussion of difficulties, reassur-

ance and encouragement to further performance are the
keynotes of success.

They are not time consumi ng, and

the right kind of discussion for five minutes each
day can accomplish more in the early stages than whole
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days of psychotherapy can corr ect at a later date.
One of the commonest causes of relapse is the
attitude taken by relatives, the family doctor or the
medical officer of a convalescent home.

Time and

again, a patient who has progressed . favorably has
been allowed home to convalesce, and the first time
he has had a mild headache has been taken by anxious
relatives to the family doctor, who, hearing that he
has had a head injury, insists on complete and prolonged rest,in bed (instead of planned acitivity
and less excitement').

This strong suggestion is too

much for many patients, who relapse forthwith.
Kennedy (25) proposes the following general
outline for the treatment of a non-penetrating head
injury:
1.

Treatment of shock by the intravenous injection
of 100 c.c. 50% hypertonic glucose or blood
serum.

2.

Lumbar puncture for diagnosis and treatment.

3.

Repetition of hypertonic dextrose by vein
to reduce intracranial pressure (100 c.c.
of 50% solution, t.1.d.).

4.

Injection of caffeine sodiobenzoate, 7½ grains

(0.5 grams) every four hours (hypodermically).
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5.

Rectal taps of 25% solution dextrose, 4 oz.
(120 c.c.) every four hours.

6.

Elevation of head of bed 15-4-5 degrees.

7.

Carrying .out of operative procedures in cases
of suspected progressive middle meningeal
hemorrhage.

8.

The use of antimeningococcic serum in suitable
cases and antitetanic serum in all patients
with a scratch on them.

9.

The performance of right subtemporal decompressions in comatose patients with marked
papilledema, who do not respons to the
aforementioned procedures within three days.

10.

Uncomplicated depressed skull fractures may
be elevated after the acute stage of shock
has passed.

Surgical interference in this

group may often be safely postponed for
many days.
As aids in the control of pressure , careful and
moderate dehydration by the limitation of fluids may
be used. (40, 46, 59)

Intramuscular magnesium sulphate

and purgation will also help, bearing in mind that
overenthusiasm in the use of any of these methods
may bring about toxic dehydration.

Dandy (12) and

Rawling (44) advocate subtemporal qecompression in
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many cases of increased intracranial pressure, but
this procedure is rarely employed by other neurosurgeons--only twice in the past eight years at
Vanderbilt University Hospital. (42)
Lumbar puncture is valuable as a therapeutic
measure and as a guide to treatment.

Pressure

estimation will show whether the headache is associated
with high or low intracranial pressure and suitable
postural treatment and regulation of the fluid balance
can then be instituted.

The removal of blood, which

is almost certainly a factor in the production of
headache and is perhaps responsible for other symptoms
as inflammatory reaction of the meninges, will help.(37)
Rowlette and Weiner (46) advocate very slowly reducing
the pressure to normal, and if grossly bloody, draining
the canal dry.

If the patient remains unconscious

this is repeated every six hours.

In all deaths in

patients treated by spinal drainage autopsies were
carried out and in no instance was any evidence of
cerebellar herniation, medullary compression, or
"cone" formation found.

This was attributed to slow

removal of spinal fluid.
Pickles' (40) aim in spinal puncture la to
record clear fluid, with cell count, protein, and
pressure normal at the final puncture.

If he suspects
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extradural hemorrhage, he doe s not use spinal drainage until after the bleeding has been controlled,
since an earlier reduction of pressure may increase
the hemorrhage.

If the patient has drainage of

spinal fluid from the ear, nose, or pharynx he is
reluctant to use punctures until this stops, because
reduction of pressure may result in reverse flow
with a greater possibility of infection.
The first treatment is to always combat shock. (59)
Other measures cannot be undertaken until shock has
been overcome by external heat, relief of pain, replacement of fluids, stimulating drugs.
of shock is as follows:

A useful definition

Shock is progressive vaso-

constrictive oligemic anoxia. (23)

The treatment of

shock revolves around this definition and includes:
first, beginning treatment before the condition has
progressed irrevocably; second, correcting the oligemia
and preventing further loss of fluid, and third;
maintaining adequate oxygenation of the tissues until
the patients own improved blood volume and circulation
causes the anoxia to disappear spontaneously.

The use

of preserved blood and blood plasma offers a profitable
field of endeavor for pro~pt and strenuous efforts
to attain adequate medical preparedness.
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The indications for ope~ation are not many, but
very definite.

First, there is the compound fracture

made by penetration of an external object.

Secondly,

any severely depressed fractures, particularly those
in the motor areas, and those accompanied by cortical
irritation, should be exposed and the depressed pieces
of bone elevated or removed.

The longer this operation

can be postponed the better chance for a successful
outcome.

The third indication for operation is

increasing intracranial pressure.

The best time for

operation is as soon after shock has been overcome
as it becomes obvious that intracranial pressure is
increasing in spite of adequate dehydration therapy .
Cloward (8) and Horrax {24) suggest the following
general preliminary treatment before operation:
a.

8ilaving t he whole scalp.

b.

Edge s lacerated wounds cleansed with soap
and water.

c.

Any large bleeding vessels stopped by hemostats, local pressure or rubber tubing about
head.

d.

Temporary dressing applied after the wound
has been filled with powder of one of the
sulfonamide drugs.
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e.

The routine use of morphine is contraindicated
unless there are extensive, painful wounds
elsewhere.

f.

Neurological examination.

g.

Tetanus antitoxin.

h . X-ray--stereoscopic preferred.
1.

Treat shock if present

Alexander (1) believes that patients with head
injuries travel well before o~eration, but after
operation it is desirable to retain such patients
for a period of two to three weeks.

During wartime

it is preferable, therefore, in order to avoid congestion
in the clearing hospital, to evacuate these patients
to a base hospital before operation provided that
speedy evacuation is possible.
Drugs are used sparingly in brain damage.
Morphine is not used ·at all, since it has a real
effect in increasing intracranial pressure and depressing respiration. (40)
•

For persistent headache

acetylsalicylic acid in combination with caffeine
may be employed; for moderate sedation, pentobarbital
sodium; and for active delirium, sodium phenobarbital
intramuscularly or paraldehyde by rectum.
Cloward proposes the following general treatment
for scalp wounds: (10)
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1.

Wide area circums cribing wound painted with
iodine and a local circular block anaesthesia
induced with 2%• procaine hydrochloride.
Restless and uncooperative patients can be
given avertin with amylene hydrate supplemented
with intravenous pentothal sodium.

2.

Wound scrubbed with sterile water, green
soap, and mild antiseptic.

All jagged

irregular scalp edges are cut away.
3.

Large defects up to four cm. could be
closed with adequate undermining.
incision is made around the wound.

A fusiform
After

the scalp has been slid so that the edges
are approximated, the tension on the closure
sutures may be reiieved by placing one or
two anchor sutures one or two ems. bac k from
the incision edge.

Such a suture passes

beneath the periosteum and is tied on the
outside over a small roll of gauze.

All

scalp wounds were closed by two layers of
black silk.

Larger scalp wounds are closed

by the method of Sargent; 1. e. undercutting
the outer layer of scalp and malring a new
incision on either side of the wound so that
it can be approximated .

The two raw crescent

('
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shaped areas left soon ep ithelize.
Since many scalp wounds are lacerated and not
incised , there is often evidence of associated brain
damage.

Scalp wounds must be adequately explored.

When circumstances prevent immediate exploration the
final treatment can and should be delayed until it
can be carried out thoroughly .

If it should not be

possible to close the defect in the scalp, one may
drill the exposed outer table of the skull to promote
the rapid covering of the bone with granulation tissue
and thus speed epithelialization. (36)
A fissure fracture of the skull under a scalp
laceration does not alter the treatment from that just
described .

Every effo~t must be made to obtain

primary healing.
Depressed fractures need operative treatment.
When they are compound, their presence can often be
made out by palpation, and operation is undertaken
as soon as shock and brain damage will permit.
Thorough debridement and generous flushing of the
wound with warm saline solution are of great help
in reducing infection.

In children the depressed area

can often be snapped back into position by means of an
elevator introduced through a small drill hole.

In

older people, the depressed fragments a re frequently
locked.

In some case s ~t ha s _been fOlmd possible to
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free this locking by _makin5 a drill hole at the point
where the lines of fracture come together; in others,
this end has been gained by widening the lines of
fracture by the use of DeV1lbiss forceps.

Free bone

fragments ·a re removed, and the resulting bone defect
is left for possible later plastic repair.

The wound

in the scalp is closed without drainage.
Simple depressed fractures can be left for
elevation until the patient is in good general condition.

Their diagnosis is more difficult, but care-

ful tangential x-ray films are of great help.

The

degree of depression found at operation is almost
always greater than the x-ray films indicate.

The

mortality in simple depressed fractures depends on the
underlying brain damage.
Smaller holes in the skull may be treated by
rongeuring away the Jagged edges of bone to enlarge
the defect and adequately expose the underlying structures.
Larger skull holes require a small bone flap along one
side of the hole.
Fracture of the skull was demonstrated in a little
over 25% of the patients in Pickles' series (40).

The

mortality of patients with fracture was 9%,. considerably
higher than the mortality for the entire series, which
was a little under 5%•

Linear fractures of the vault

74.
showed a mortality of less tran 4% while those of
the base showed a mortality of 47%.
The dura mater should have straight, clean
edges after debridement.
with mosquito clamps.

Hemostasis may be acquired

The defect may be closed

tightly with a periosteal patch, which may be obtained
from the overlying skull or bone flap.

Tight closure

prevents the formation of a fistula through which
cerebrospinal fluid may drain into the nose, and the
possible development of a meningitis.

Extradural

and subdural hematomas have been discussed on pages
19-22.

The treatment of wounds of the brain should not
be done by hasty and incomplete operations.

Brain

tissue resists and localizes bacterial infection as
well as, if not better than, other tissues; it is the
ventricular cavities and large basal cisterns that
are so vulnerable to the spread of infection.

The

aim is to obtain a smooth, clean-walled cavity.
The operation must be done without encroaching on
important nervous pathways that are known to be intact,
and without opening the ventricular cavities or basal
cisterns.(7)
Thorough debridement and cleansing of the tract
through the brain is perhaps the most important part
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of the operative procedure.

He.i r , dirt, grass, and

fragments of fractured bone may be carried into the
brain.

The blood clots along the tract and the damaged

brain are removed with suction.

The fragments of

bone and foreign bodies are picked out of the wound
and the sinus tracts then irrigated with copious
quantities of warm sterile saline s~lution.
Some surgeons recommend palpation of the tract
with the finger.

The smaller tract s can be palpated

with a soft rubber catheter as advocated by Dr. Harvey
Cushing.

When an inspection of the tract in the

bra i n shows that it is completely free from foreign
material and all bleeding points have been arrested,
the tract is filled with sulfaniLamide powder before
the wound is closed.(10)
Rawling's (44) experience shows that the immediate
removal of foreign bodies should be encouraged, provided
that, in the process of removal, every precaution be
taken against increasing the damage already incurred.
Professor Tennis (55) considers the extraction of
foreign bodies with a magnet as irrational and harmful,
while Cloward (10) believes the magnet may be of value
in selected cases.
Sir Victor Horsley and Dr. Harvey Cushing both
used co pious quantities of war.u1 saline in their
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World War I debridements.

Dichloramine-T in oi1s

was found particularly suitable as an antiseptic for
infections in the central nervous tissues. (11,4)
Russelland Falconer (47) recorded the histological
effects of various antiseptic solutions upon the brain
of the rabbit • .

Proflavine sulphate in 0.1% isotonic

solution buffered to pH 6.2 is not substantially more
injurious to the brain than normal saline, and is, on
this and more general grounds, the antiseptic to be
preferred for the prophylactic treatment of brain
wounds.

2:7 diamino-acridine hydrochloride is similar

to proflavine in its action; its effect upon the
tissues deserves further investigation in view of its
low toxicity.

Most of the antiseptic solutions tested

were hi ghly destructive, so their use at the present
ls not recommended.
Russell and Falconer (48) using small quantities
of sulfani1amide and sulfapyridine in powder form
inflicted no appreciable damage upon the brain.

Owing

to their relative insolubility the quantities of dry
substance should be minimal.

Sulfanilamide is preferable

to aulfapyridlne since it is more soluble.

Excess of

either substance wili excite a fore i gn-body reaction
which, in the bra in at any rate, might entail unfortunate
consequences.

Solutions are preferable from a histologic
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•
standpoint.

They cons ide r thut t h e amount should be

Just sufficient to cover completely the exposed surface.
The post-operative treatment should be:
l.

Bed rest (absolute).

2.

Pain--controlled by acetysalicylic acid and
barbiturates.

3.

Routine use of an anti-convulsive drug in
adequate doses is recommended.

Soluble

phenobarbital 0.065 grams t. 1. d. was
used.

Also advise patients to continue this

for at least one year.{10, 58)

4.

Chemotherapy in all case s , one to two weeks
depending on infection and temperature.
Sulfur containing drugs, like epsom salts,
should no t be used if sulfanilamides have
recently been given.

Where flying ambulances

are used, patients who are receiving sulfanilamides or related drugs, should not be
transported at high altitudes, lest sudden
de a th occur from lac k of oxygen.
5.

Lumbar punctures were done only when persistent signs of subarachnoid hemorrhage
appeared.

6.

When posto perative infections occur it may
· become necessary to r eopen and pack the

78 .
wound with gauze fi lled with sulfanilamide
powder.

Patients with compound fractures

into the nose must be instructed not to blow
the nose . (25)

With early recognition of

meningitis based on clinical and spinal fluid
findings, sulfonamide therapy should be .
instituted at once . (i~)

'--
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V.

CONCLUSION

An attempt has been made to briefly outline

the classification, sequelae, and treatment of head
injuries.

These injuries form an important part in

every doctor's practice, and therefore, a general
understanding is a necessity.
Although the immediate management of head
injuries has so much improved, and recovery is usually
the rule, many patients suffer from very distressing
sequels.

But, when all is said and done, there is

much that remains to be learned about head injuries
and physicians still have different opinions about
their management and about the signifi cance of the
symptoms.
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